membrane. As this was done the.rounded content readily presented itself in the wound, but there was no fluid. The tumour was held with tenaculum forceps and, by blunt dissection inwards and backwards above the soft palate and pillars of the fauces, was readily removed. The wound was packed with paraffin flavine. No sutures were used. On section, the tumour proved to be solid.
Pathological report (Dr. Dennis Embleton).-" Partly fibrous, partly myxomatous stroma, containing numerous masses and columns of epithelial cells. In places the cells form definite alveoli, containing acidophile secretions. I am of the opinion that the tumour is a mixed salivary tumour." . . . " It is probable that something more will have to be done in connexion with this case, as these tumours, although slowgrowing until disturbed, are almost always rapidly malignant when an operation has been performed. " After-treatment.-This consisted of frequent irrigation of the wound, which became very foul. For some days there was very severe pain and difficulty in swallowing, but there was gradual improvement, and when I saw the patient on June 1, 1934, the wound was quite healed, the tissues were firm and not distorted, and the mucous membrane appeared normal. Mr. Bennett, to whom I am indebted for permission to record this case, examined him on September 11, 1934 , when everything appeared to be normal. The only comparable case I have seen is one from which I removed a solid tumour of the palate twenty-three years ago. It was examined by Professor Hopewell-Smith, who considered it to be an adenoma. (November 26, 1934) Silicate Cements By ERNEST MATTHEWS, L.D.S. THE subject of' silicate cements and their relation to the death of the pulp has long been a subject of interest and of controversy and it is with the hope of throwing further light on this matter that the following observations are recorded.
Constitution.-At the outset it must be recognized that the silicate cements are in no way similar to the oxyphosphate cements, and that the problem of elucidating their constitution is an exceedingly difficult one.
The following are typical analyses of two silicate cements Although at first sight this might appear to be very valuable information, its usefulness is distinctly limited, since there is no indication of the actual substances present in the powder. The point of major significance to be observed, however, is the excessively high percentage of sodium oxide. This is a direct indication of the amount of flux originally added in the production of the powder and is, moreover, an indication of the probable loss due to washing-out of the filling, since, as is generally known, sodium salts are very soluble.
Manufacture.-The starting materials in the production of the cement powder usually consist of the following, finely ground: kaolin, felspar, cryolite, silica.
The appropriate quantities, after mixing, are fused in a special type of crucible which enables the molten mass to run out in a fine streamon to a metal slab. The chief problem lies in obtaining a sufficiently high furnace-temperature topermit of the complete melting of the mix without the necessity of adding an excess of flux. The slabs of glass-like solid are then finely ground and sieved to a uniform particle size.
The humidity of the factory must be carefully controlled, since the powder is highly hygroscopic and variation would cause a changeability in the setting time of the cement. The liquid is a solution of phosphoric acid rendered less active by partially neutralizing it with zinc and aluminium oxides.
Mix . These equations illustrate why one cannot hope to get the degree of neutralization in a silicate cement that one gets in an oxyphosphate cement. In other words the silicate mix will normally be more acid than an oxyphosphate mix. Crowell [1] considers that the silicic acid which forms a gelatinous matrix containing the excess powder particles, is the key to the behaviour of the silicate cements.
Upon the properties of the silicic acid gel depends the value of the silicate cements.
That is why in Crowell's opinion excessive spatulation is bad and why in his opinion a slap-dash mixing of the cement may be stronger than a conscientiously prepared, over-spatulated mass. He considers that the whole quantity of the powder should be rapidly brought into the liquid with minimal spatulation and then placed in position with the least manipulation possible. In this way the silicic acid gel is produced undisturbed and a filling of maximal strength results.
Furthermore, the practice of dehydrating the cavity before inserting the filling is bad, because the dentine absorbs water from the silicic acid gel, leading to gross contraction and the formation of a dry, chalky layer which affects the translucency of the filling.
As the result of experiments on the bactericidal action of cement mixes-which will be discussed later-it seems imperative that the powder liquid ratio should be standardized.
That there is an optimum ratio which will give a minimal residual acidity while allowing of adequate working properties, is certain. The liquid could be used in a small glass syringe of 0 5 c.c. capacity, graduated in 0O05 c.c. markings, andhaving a blue-glass plunger for easy working. Tests reveal that the weight of liquid delivered is surprisingly constant under working conditions. The solid could be put up in small glass tubes as is the custom in some dental schools, each tube containing a weight of powder equivalent to say, 01 c.c. of liquid.
Acidity of mixes.-Crowell [1] has carried out a very comprehensive investigation of the acid reaction of various cements, including the oxyphosphates of zinc and copper, as well as silicates. His conclusions were that: (1) Copper cements and silicate cements are closely similar in acidity. (2) The acidity of even the most acid cement is small. (3) Zinc cements are less acid than either copper or silicate cements. (4) The final pH's of copper silicate cements are higher than that of the most acid saliva reported (pH = 5685). (5) On the basis of acidity, the copper cements should be quite as likely to cause pulp trouble as silicates.
The values obtained by Crowell for the acidity have been supported by one's own experiments on the acidity of S. S. White's mixes.
ACIDITY OF CRUSHED PELLETS OF SET CEMENT. This is a definite indication of the need for a short mixing time. Another modification suggested by Eberley [3] consisted in adding to the silicate powder, 3% of Hopkin's Raja brand powdered soap. According to Eberley, test mixes showed all the essential features of the original cement mixes. A later check of such fillings in the mouth showed that the material fulfilled all the requirements of a silicate cement. Out of a series of 205 fillings in the mouth, some very near the pulp, no case of pulp irritation had arisen.
Bactericidal action of cement mixes.-In the earlier experiments mixes of silicate cement were prepared, allowed to set for varying periods and then hand infected. These were then placed in tubes of sterile broth. After incubation for forty-eight hours it was found that some were still sterile whereas others contained a growth.
The results were very variable.
This wouLld appear to be a further indication of the unconscious variation in the powder: liquid ratio in successive mixes.
Mixes of S. S. White cement were then prepared, and, when plastic, transferred to sterile Petrie dishes and covered with agar infected with Staphylococcus aureus.
They were then incubated for forty-eight hours. Further duplicate mixes were prepared, and allowed to set for varying periods before being placed in infected agar.
The accompanying photographs show the results obtained, with the so-called standard mixes allowed to set for: 0 hrs., i hr., 1 hr., 3 hrs., 18 hrs., and 74 days.
The zoning associated with the cement mixes would appear to be directly connected with the degree of residual acidity to be found in the cement mix. Experiments were also carried out in order to determine the effect, if any, of a liquid called " durosim." This preparation, further details of which are given later on in this paper, was incorporated in a number of S. S. White cement mixes.
Cement mixes, both with and without the addition of "Durosim," classified under the three headings, thin, medium, and stiff-were allowed to set for forty-eight hours and then incubated in infected agar for forty-eight hours.
As the accompanying figures show, the liquid has some degree of " sealing" action on the cement-mix.
Solubility of the set cement.-Determinations of the solubility of present-day cements provide useful data. By comparison with similar determinations carried out some twenty years ago by Voelker [4] , they show little progress in rendering these cements less soluble. [6] .
The latter observed the contraction of the set cement allowed to dry in air to be 60 to 80 microns per cm. length, and under water to be 2 to 4 microns. This corresponds to a maximum contraction of 088%. Ray carried out exhaustive tests on the contraction of set cements under varying conditions. His main conclusions were that:
(1) Less contraction occurs if a cement is placed under water immediately after the initial set, than if it be varnished and allowed to set further.
(2) When cement samples are varnished but left in dry air, the amount of contraction is enormous, some 150 microns in twenty-four hours.
(3) The greater the humidity of the air, the higher the slab temperature if minimal contraction is to be aimed at.
(4) The varying humidity of the air affects the dimensional changes by altering the composition of the liquid-due to loss or gain of water. Some 5% loss of the total liquid can occur in five minutes on a warm day.
The work showed that the dimensional changes occurring during the setting of silicate cements can be definitely controlled by governing the composition of the liquid.
If a mix is made by using a liquid with less water content, a cement is obtained which is slow to set, but which expands from 2 to 12 parts per 10,000 while setting, and which still has its full strength and hardness. In general, the more water present, the faster the cement sets and the more it contracts; while the less the water content of the liquid the slower it sets and the more it expands. A further interesting observation by Ray on the question of dimensional changes is with regard to an old and fully-set cement. The accompanying curve will illustrate the marked changes that the cement undergoes on being allowed to dry and then moistened again. It will be found to contract enormously if left in dry air, and then to expand very rapidly again when it is wetted, but never returns to its original size. This is of course an indication of the inadvisability of allowing silicate cement fillings to become dry when working on another part of the mouth.
The peripheral leakage produced in cement fillings by reason of these dimensional changes was adequately demonstrated experimentally both for dyes and bacteria. Freshly extracted teeth were taken; silicate cement fillings were prepared in them and after being allowed to harden under water for a definite period, they were placed in a dye medium for seven days. In all cases marked leakage was apparent on subsequent sectioning. S. S. White cement carefully packed into glass tubes was taken and shown to permit of the rapid passage of bacteria peripherally. Furthermore, fillings prepared 1ectio of Odonology in molar teeth which were subsequently modified by reaming out the root canal to the base of the filling were shown to permit of peripheral penetration by B. prodigiosus. The appropriate controls showed the validity of these experiments. Padmann [7] , in a paper on the shrinkage of cements, demonstrated the variability of the results obtained with different mixes of solid and liquid and the greater or lesser liability to peripheral leakage thereby.
Porosity of set cement.-Porosity of cement is of particular interest from the standpoint of discoloration as also from the possibility of bacterial penetration. As a result of numerous experiments carried out on the set cements there would appear to be a considerable variability in behaviour. Some develop slight surface-staining only, whereas others show more or less complete penetration. Fig. 9 shows the appearance of rods of various cements packed into short glass tubes and after twelve hours immersed in a dye medium for three days. The rods were then removed and ground along their long axes.
Somewhat similar experiments were carried out by J. Eberley Jr. [3] with the object of determining the period during which the freshly prepared filling should be protected from saliva. According to his observations specimens exposed to water, after seven minutes stained less than those protected by various coverings for longer periods. This obviously has considerable practical importance. He is supported in this by Voelker [4] , who found that fillings coming in contact with saliva after a few minutes from the initial set compared very favourably with those prepared under the most exacting conditions. The liquid " Durosim," referred to earlier in this paper, was found to effect a marked reduction in the porosity of S. S. White cement-rods to the dye medium used in earlier experiments. According to the report of Professor Schoenbeck of Berlin, the solubility of a typical cement is lessened by the use of this liquid whereas the crushing strength is slightly greater.
Porosity of the set cement from the standpoint of bacteria has been reported by Round and Broderick [8] . Their method was to immerse silicate cement slabs in infected broth for three weeks, after which the material was removed, held in pliers, dipped in alcohol and flamed, this being repeated three times. A sterile rose-head bur was then used to detach shavings from the surface. The mass was then cut in two with a sterile bur. Both sets of shavings were incubated in sterile broth and later plated out. The surface shavings were sterile, while those from the centre were infected.
In view of certain obvious objections to this technique, an entirely different method was employed which was free from these shortcomings. Thin discs of S. S. White cement (0-8 mm. thick), were first prepared and after an extended trial of various adhesives, each was cemented on between the ends of two L-shaped tubes whose diameter was some 2 mm. less than that of the discs. After a preliminary washing-out with sterile distilled water, each limb was filled with glucose broth and the one side in each unit infected with B. prodigiosus. As the result of some Six months' incubation, while the infected limb was bright red the other remained its original colour and proved to be free from B. prodigiosus. Three such units were prepared and the same result was obtained in each case. The bacteria were therefore unable to penetrate the 0-8 mm. thickness of cement. These observations do not support those of Round and Broderick.
Arsenic.-Arsenic has long been considered by some to be the impurity in silicate cements responsible for their irritant action, but among those best qualified to judge, it is now regarded as not worthy of serious consideration.
Careful micro-analytical tests for arsenic were made on a number of silicate cements, with the results shown:- The apparatus was capable of detecting one ten-thousandth of a milligram of arsenic.
General clinical considerations.-There is a fairly widespread feeling that the silicate cements are often responsible for the death of the dental pulp. The value of this evidence is, however, difficult to assess in the absence of controls. A minority of operators, on the other hand, consider that there is no evidence to show that these cements are responsible, and that in all cases in which death does occur some other factor may be held responsible.
It would therefore appear to be desirable that a clinical investigation should be carried out in order to determine the presence or absence of any specific reaction of the dental tissues towards these cements.
Whether or not one can observe any further superimposed reaction due to the silicates as opposed to other filling materials or to the primary reaction due to injury during cavity preparation remaips to be seen. Fortunately the researches of E. W. Fish form an excellent reference point from which to start any investigation such as this. As a useful adjunct to this final aspect of the investigation arrangements have recently been made whereby a series of silicate cement fillings, classified according to size, position, mix, etc., may be carried out, say 500 to 1,000. It should be possible thereby to get a tolerably accurate estimate of the incidence of pulpal death, together with the associated factors. Mr. W. E. Herbert, Reader in Conservative Dental Surgery at Guy's Hospital Dental School has made himself responsible for this very useful piece of work.
A review of the literature affords evidence of a few contributions to this part of the subject. Voelker [41 considered the irritant action as probably due to the phosphoric acid content not completely neutralized, producing pulp irritation. Out of a series of 1,300 silicate fillings inserted by him, he had very few deaths of the pulp, and these he attributed to other causes. Richter [9] was of the opinion that the death of the pulp does not occur under a good silicate more frequently than under an oxyphosphate filling. Proell [10] considered the death of the pulp to be of an infectious character and placed the primary responsibility on the shrinkage of the cement. He advocated the porcelain cement inlay to overcome this contraction and leakage. Crowell [1] favours sterilization of the cavity with phenol, thymol, or Howe's solution, as minimizing the risk of pulpal infection and irritation. Rohrer [11] investigating the hmmolytic action of these cements upon erythrocytes, as a means of proving their action-if any-on protoplasm, arrived at the conclusion that:-(1) All silicate cements contain constituents injurious to protoplasm.
(2) This injurious action is either due to acids or acid salts.
(3) The action is more intense during the first hour after mixing the cement, diminishing during the following days.
(4) The shorter the plastic stage, the more quickly the silicate becomes innocuous. (5) The best results are obtained by using as much powder as possible and thereby decreasing the period of setting. Hill [121 says that death of pulps beneath silicate cement fillings has long been a clinical observation. He comments on the very little available evidence which helps to distinguish between pulps that die because of approaching caries and those that die because of irritation caused by silicate cements. Fasoli [13] described a series of experiments on dogs by preparing cavities of various depths and filling these with various cements. His opinion was that the zinc oxyphosphate produced no harmful reaction on the pulp, whereas the use of silicates resulted in degenerative changes in from thirty to forty days. Similar conclusions were arrived at by Palazzi [14] . Summary.-The following points appear to be significant:
(1) The need for a reduction in the solubility of the silicate cements by a reduction in the flux content.
(2) The necessity of standardizing the powder: liquid ratio.
(3) Minimal spatulation-all powder added at once-thirty seconds mix. (4) . Avoid contraction of the set cement by keeping down the water content of the cement liquid.
(5) Exposure to saliva after the initial set (seven minutes). (6) Need for old cement fillings to be kept moist when working on an adjacent part of the mouth. (7) Reduction in the acidity and porosity of the set cement is effected by the use of " durosim."
